Introduction
Species of the genus Saccamoeba (Frenzel, 1892) Bovee, 1972 (Gymnamoebia, Lobosea: Hartmannellidae) are monopodial cylindric amoebae with noneruptive locomotion, distinct villous-knob or papillate uroid and vesicular nucleus (Page 1988 (Page , 1991 . Only six freshwater species are known in the genus Saccamoeba at present, from which some were described insufficiently. During the research on freshwater naked amoebae in Slovakia, one of them, Saccamoeba wellneri Siemensma, 1987, was found. This species is characteristic with peculiar crescent-shaped crystals which have never been observed in any other species of naked amoebae. Since the brief initial description by Siemensma (1987) that was later adopted by Page (1991) , no other detailed morphological data on this amoeba have been published.
Similarly, for the second species, Saccamoeba limna Bovee, 1972 , no further morphological information or illustrations have been published after its initial description by Bovee (1972) . In spite of this, Page (1988 Page ( , 1991 included it in his monographs with a short adopted description from Bovee (1972) . This paper presents re-descriptions of S. wellneri and S. limna. New information on the light microscopic morphology of the locomotive forms of both species and first descriptions of floating and resting forms of S. wellneri are provided.
Material and methods
Saccamoeba wellneri was found in samples of sediment and water collected from the littoral zone of Karloveské rameno branch of the Danube River (48
• 09 N, 17
• 02 E) on 26.VIII.1998 and from Štrkovecké jazero lake (48 • 10 N, 17
• 08 E) on 26.X.1999 in Bratislava (W Slovakia) as a part of a research on naked amoebae on chosen habitats in Bratislava city during the period 1998-1999. Samples were immediately directly microscopically examined after transporting to laboratory in 300 ml glass vessels. Subsamples were inoculated on six enrichment culture media (two liquid, four agar media) in 50 mm diameter Petri dishes. Following media were used: Prescott-James (PJ) medium with two rice grains/dish; Grass-seed infusion; Grass-seed agar; GSA with an overlay of water from the sample; Non-nutrient agar; NNA with an overlay of water from the sample. For recipes see Page (1988 Page ( , 1991 . The incubation temperature was 22
• C. Saccamoeba limna was found in a single sample of sediment and water collected from an indoor freshwater aquarium incubated at room temperature on 19.VI.2000 in Bratislava city (W Slovakia). The sample was directly microscopically examined immediately after transporting to laboratory in a 300 ml glass vessel.
Observations were made with a Nikon microscope with phase contrast optics. Identification was made at light microscopy level, on the base of morphology of the trophozoit. The size, type of locomotion, type and size of nucleus were considered. For identification, publications by Bovee (1972) , Siemensma (1987) and Page (1988 Page ( , 1991 Siemensma, 1987 Description. Monopodial limax amoeba with cylindrical shape. In locomotive form, the body was usually equally wide at its whole length (Fig. 1) . The anterior end was broadly rounded and with thin crescent hyaline cap (ca 5 µm thick) that was often obliterated by granuloplasma during rapid locomotion. The posterior end was slightly narrowed and terminated with distinct and relatively large uroid (size up to 30 µm) that was formed as an irregular bulbus with many short wart-like papillae (Figs 1, 5A, C-E). Occasionally, the uroid was fasciculate, with several short remnants of subpseudopodia (Fig. 5B) . Length of the locomotive form was 103-150 µm, breadth 15-50 µm, L/B 2.5-7.8. The amoeba moved by continual flow of cytoplasm with no evidence of eruption. During the observation under microscope the body did not adhere well to the glass surface, often it was protruded to water column and attached to glass only with some parts (Fig. 5E ). It adhered to glass surface with all its length only occasionally, during rapid locomotion. When changing the direction of locomotion, a new leading pseudopodium was formed and the body of amoeba became Y-shaped for a short time (Fig. 5D ). During the movement changes, 2-3 short adhesive subpseudopodia with blunt ends were occasionally produced near by uroid (Fig. 5C ).
Saccamoeba wellneri
The resting form was rounded, 60-75 µm, with many very short blunt protrusions (Fig. 2 ). Floating
Figs 6-11. Saccamoeba limna: 6 -locomotive form; 7-9 -various locomotion stages; 10-11 -locomotion stages of the same specimen with bright field. Scales 10 µm (Figs 6, 10, 11).
form was nearly spherical, slightly irregular, with several short blunt pseudopodia (Fig. 3) .
Nucleus was vesicular, spherical, about 13 µm in diameter, with 6 µm central nucleolus with smooth surface and very good visible in the phase contrast optics. Single contractile vacuole was situated in the posterior part of cell, occasionally in uroid. It sometimes originated by fusion of two smaller vacuoles. Two types of crystals were detected in the cytoplasm. High number of crescent-shaped crystals with thickened middle part was characteristic for this species (Figs 1, 4) . Their dimensions varied between 2.5-7 µm. Another type were bipyramidal crystals. Food vacuoles contained diatomes and other unidentified algae.
The species was observed in microbial-algal film on the water surface of sediment and water sample from Karloveské rameno branch in August 1998 and from sediment sample from Štrkovecké jazero lake in October, 1999 (both in Bratislava, Slovakia). Siemensma (1987) mentioned the species generally from polluted and mesotrophic fresh waters in The Netherlands.
Observed specimens of S. wellneri matched well with the type description in the shape of body, shape of uroid, and typical crystals. The observed amoebae were slightly larger than given in type description (103-150 µm vs. 96-130 µm) by Siemensma (1987) but interestingly, they had relatively smaller nuclei (about 13 µm) which were close to the minimal value of nucleus diameter of . However, these differences are not significant in identification of the species as many amoebae possess large variability in size of body and nuclei.
Short subpseudopodia with truncated ends that were sometimes produced in the posterior part of the body simultaneously with change of the movement direction (Fig. 5C) , were adhesive to glass surface and possibly helped to keep the balance. Some similarity can be pointed with the marine species Hartmannella lobifera Smirnov, 1997 which is typical with posterior hyaline lobes (Smirnov 1997) . However, Smirnov (1997) mentioned that the lobes did not adhere to glass. Furthermore, their origin is quite different, because they are remnants of the previous anterior pseudopodium (Smirnov 1997 ) and subpseudopodia observed in S. wellneri were exclusively products of the posterior part of the cell. The uroid was large and often had remarkably symmetrical pattern of distribution of papillae. Papillae were formed as short projections, almost of uniform size and corresponded well to illustrations of the species by Siemensma (1987) . The same concerns M. Mrva also the fasciculate type of uroid which was observed by Siemensma (1987) and is presented in one of his figures (Pl. 18, Fig. I) . Page (1988) stated that species of the family Hartmannellidae have "floating form almost always without pseudopodia". This feature is usable for distinguishing them from members of the family Amoebidae that have floating forms with long radiating pseudopodia. In observed specimens of S. wellneri the floating form possessed short blunt pseudopodia but certainly it can not be confused with Trichamoeba. Siemensma (1987) did not describe the floating form and information on its morphology are therefore new. Similarly, morphology of the resting form has not been noted yet.
The nucleus in the observed specimens was of vesicular type with central nucleolus. Siemensma (1987) illustrated the nucleolus with several dense particles (Pl. 18, Fig. N ) but did not add any note about its appearance. In the described specimens the nucleolus had compact shape with smooth surface. No dense particles inside it were observed even with the phase contrast optics.
The unusual shape of crystals makes S. wellneri distinct among other Saccamoeba species and its identification is easy. There is no closer information on the crystals by Siemensma (1987) , who described crystals briefly: "crystals crescent-shaped, with a thickened central area". He did not note the other type, bipyramidal crystals, common in many species of amoebae (Page 1988) , which are thus now detected for the first time in this species. At present, from the light-microscopy observations nothing can be said about the composition of crescent-shaped crystals which are unique among naked amoebae and their detailed ultrastructural and biochemical analysis is needed.
None of the used enrichment media have yielded this amoeba and the observations were only from field collected samples. An inappropriate food source can be the possible reason. The media used support primarily bacterial growth. In the food vacuoles of the amoebae algae were observed and it is possible that this amoeba is strictly an algivorous species which does not feed on bacteria in cultures. An appropriate cultivation method for S. wellneri is an urgent need for the possibility to detailed investigation of ultrastructure. Neither Siemensma (1987) nor Page (1991) mentioned cultivation media for S. wellneri, so cultivation attempts should be one of the next aims of study. Siemensma, 1987, emend. In locomotion, body usually equally wide at its whole length. Y-shaped by new leading pseudopodium when changing direction of locomotion. Hyaline cap often obliterated. Several short adhesive subpseudopodia occasionally produced near by uroid. Distinct uroidal knob with many symmetrically distributed short wartlike papillae of uniform size. Length of the locomotive form 103-150 µm, breadth 15-50 µm, L/B 2.5-7.8. Vesicular nucleus, about 13 µm in diameter, with 6 µm central nucleolus. Crescent-shaped crystals, 2.5-7 µm, with thickened middle part and bipyramidal crystals. Resting form rounded, with short protrusions. Floating form nearly spherical, with several short blunt pseudopodia.
Diagnosis. Saccamoeba wellneri
Habitat and distribution: polluted fresh waters in Netherlands, freshwater lake and river in Slovakia.
Differential diagnosis. Differs from all Saccamoeba species by remarkable crescent-shaped crystals and relatively large uroid with symmetrically distributed papillae. Further difference is the occasional production of short adhesive subpseudopodia near by uroid. Bovee, 1972 Description. Monopodial limax amoeba with subcylindrical or cylindrical shape of body. In locomotion, the body was usually broadest at its anterior end which was rounded and possessed thin and irregular crescent hyaline cap that often obliterated during the locomotion (Figs 6, 10, 11). Occasionally it disappeared completely when the locomotion was rapid. The whole body narrowed slightly to posterior end which was terminated with distinct uroidal bulbus. The uroid was formed as a hyaline bulbus with short 5-10 µm nonadhesive filaments or villi (Figs 6-9, 11) .
Saccamoeba limna
Length of the locomotive form was 75-101 µm, breadth 25-35 µm, L/B 2.14-4.04. The amoeba moved by continual flow of cytoplasm, no evidence of eruption was observed. The amoeba adhered well to glass surface during locomotion. During changes of direction of movement the amoeba permanently remained in the broad monopodial shape.
Single vesicular spherical nucleus, about 10 µm in diameter, possessed large central nucleolus with smooth surface. Single contractile vacuole was situated in the posterior part of cell and occasionally in uroid. Sometimes it was formed by fusion of 2-3 smaller vacuoles situated in the posterior end. In the cytoplasm many very small bipyramidal crystals were observed. Cytoplasm finely granular and overall of relatively clear appearance. Food vacuoles contained ingested diatomes and other algae (Figs 10, 11) .
The resting form or the floating form were not observed.
The species was detected in the sediment from an indoor freshwater aquarium in Bratislava city in June, 2000 (W Slovakia). Bovee (1972) found the species in stagnant semipermanent ponds with much decaying vegetation near Gainesville, Florida (USA) during 1956-1961. The observed specimens matched well the type description in the body shape and size, and shape of uroid. The body size of the observed amoebae in locomotion (75-101 µm) was close to the maximum size noted by Bovee (1972) (clavate form 35-120 µm) but the size of nucleus observed (10 µm) was within the minimal value of nucleus size in . No shape variability was observed during the locomo-tion, the amoeba was broadly monopodial even during changes of direction of movement. However, Bovee (1972) observed shape variability or locomotive stages in this species: irregular with wavy margin in prelocomotory movement, broadly palmate in slow locomotion and clavate in rapid locomotion. The smooth round resting form observed by Bovee (1972) was not noted. Differences between specimens examined and those of Bovee are probably dependent on different conditions in the habitat and do not let arise doubts in the species identification.
Typical uroid in this species, which was in the form of a hyaline bulbus with many filaments or villi (Figs 6-9, 11), corresponded well to the uroid in the type description (Bovee 1972) . Its hyaline appearance is distinctive and could be recognized as a specific feature. However, in the observed specimens uroidal filaments were nonadhesive though Bovee (1972) noted that the filaments are sticky to slide and often with attached debris. In the examined specimens no particles of attached debris were observed.
The single contractile vacuole which sometimes originated by fusion of 2-3 smaller vesicles was situated in the posterior part of the cell, occasionally in the uroid. Interestingly, Bovee (1972) did not note such origin of the contractile vacuole and did not see its location in the uroid in spite of hundreds of specimens observed. He detected the location of the cantractile vacuole before its expulsion just anterior the uroid.
Observations of this species by Bovee (1972) and also in the present study were only from collected samples. Though Bovee (1972) found this species for several times during five years, he did not mention any cultivation method. Apparently, the food requirements vary in this amoeba. Various diatoms and other algae were observed in food vacuoles of specimens presently observed. Bovee (1972) detected small flagellates as food. This information could be helpful for further studies which should be focused on finding of appropriate cultivation method for this species which will enable detailed investigation of ultrastructure. Bovee, 1972, emend. In locomotion body usually broadest at its anterior end, with hyaline cap often obliterated. Uroid formed as a hyaline bulbus with short nonadhesive filaments. Body monopodial during changes of direction of locomotion. Length of the locomotive form 75-101 µm, breadth 25-35 µm, L/B 2.14-4.04. Vesicular nucleus, about 10 µm in diameter, with central nucleolus. Cytoplasm finely granular with many very small bipyramidal crystals.
Diagnosis. Saccamoeba limna
Habitat and distribution: freshwater semipermanent ponds with decaying vegetation in Florida (USA), freshwater aquarium in Bratislava (Slovakia).
Differential diagnosis. Differs from all Saccamoeba species by hyaline uroidal knob. Similar in dimensions and L/B ratio with S. lucens, but differs in high number of small crystals which are bipyramidal.
